Clostridium difficile-associated diarrhea (CAD) is a very common nosocomial infection that contributes significantly to patient morbidity and mortality as well as to the cost of hospitalization. Previously, strains of toxin A-negative, toxin B-positive C. difficile were not thought to be associated with clinically significant disease. This study reports the characterization of a toxin A-negative, toxin B-positive strain of C. difficile that was responsible for a recently described nosocomial outbreak of CAD. Analysis of the seven patient isolates from the outbreak by pulsed-field gel electrophoresis indicated that this outbreak was due to transmission of a single strain of C. difficile. Our characterization of this strain (HSC98) has demonstrated that the toxin A gene lacks 1.8 kb from the carboxy repetitive oligopeptide (CROP) region but apparently has no other major deletions from other regions of the toxin A or toxin B gene. The remaining 1.3-kb fragment of the toxin A CROP region from strain HSC98 showed 98% sequence homology with strain 1470, previously reported by M. Weidmann in 1997 (GenBank accession number Y12616), suggesting that HSC98 is toxinotype VIII. The HSC98 strain infecting patients involved in this outbreak produced the full spectrum of clinical illness usually associated with C. difficile-associated disease. This pathogenic spectrum was manifest despite the inability of this strain to alter tight junctions as determined by using in vitro tissue culture testing, which suggested that no functional toxin A was produced by this strain.
Clostridium difficile-associated diarrhea (CAD) is the most common infectious cause of nosocomial diarrhea (6, 8, 15, 18, 23, 30) . The incidence of this disease ranges from 20 to 60 cases per 100,000 patient days (2, 30) , and the incidence appears to be increasing (14, 30) . C. difficile isolates associated with human disease are thought usually to produce both toxin A and toxin B (4, 6, 7, 9, 13, 15, 22, 24) , and genetic evaluations suggest coregulation of the two genes (10, 35, 40) . Toxin B acts as a potent cytotoxin, but it does not cause plasma membranes of T84 cells to become leaky, nor does it disrupt tight junctions of these cells, whereas toxin A is an enterotoxin that has potent ability to disrupt the tight junctions of cultured human intestinal epithelial monolayers (11, 12, 16, 17, 28) . Evidence suggests that toxin A and toxin B may act synergistically (21, 24) , but how this may occur is yet to be completely elucidated.
Strains of C. difficile that have defects in the toxin A gene have been described (3, 5, 9, 19, 26, 31, 32, 36) . The elegant molecular typing and toxinotyping scheme reported by Rupnik et al. (32) provides detailed analyses of the known isolates of C. difficile that have defects in toxin A and/or toxin B production. The reported data indicate that strains that have deletions in the toxin A gene of greater than 800 bp have no detectable toxin A (32) , and such strains were not associated with clinically significant human disease (19, 32) . The lack of toxin A in serogroup F strains of C. difficile has been suggested to account for the high carriage of toxigenic strains in neonates, who do not often develop C. difficile-associated illness (5, 9, 20) . Alternatively, it has been suggested that neonates who carry toxigenic C. difficile have predominantly the spore form, and therefore, any toxin production would not be expected (29) . However, the spore theory does not explain the high rate of detectable cytotoxicity in stools from asymptomatic neonates.
Recently, however, a nosocomial outbreak of CAD caused by a toxin A-negative, toxin B-positive strain of C. difficile has been described (1) . This is the first reported outbreak of clinically significant disease attributable to a strain of C. difficile that was negative by enzyme immunoassays (EIAs) that utilized a monoclonal antibody to the carboxy repetitive oligopeptide (CROP) region of toxin A. Understanding more about this strain may enhance our understanding of the pathogenesis of toxigenic C. difficile. The purpose of this investigation was to characterize the toxin A-negative, toxin B-positive strain of C. difficile that was responsible for the outbreak.
MATERIALS AND METHODS
EIAs for detection of toxin A or toxin A and B. The two EIAs used for detection of toxin A in stool samples were the Prima Toxin A test (Bartels Inc., Issaquah, Wash.) and the Tox-A test (Techlab Inc., Blacksburg, Va.). The EIA used for detection of both toxin A and toxin B was the Toxin A/B test (Techlab Inc.). All assays were performed using fresh stool samples according to the manufacturer's instructions.
Cytotoxin assay for toxigenic C. difficile. Human foreskin fibroblast (HFF) cells were grown as monolayers in 96-well tissue culture trays. Stool samples were used at a final dilution of 1:24, and the filter-sterilized filtrate was tested with and without neutralization treatment using polyclonal anti-C. difficile antitoxin (Techlab Inc.). Cytopathic effect (CPE), characterized by rounding of at least 50% of the HFF cells within 48 h, that was neutralized by polyclonal antiserum was considered a positive test result for the presence of C. difficile cytotoxin. C. difficile toxin B and anti-C. difficile toxin (Techlab Inc.) were used as positive (toxin alone) and negative (toxin plus antitoxin) controls that were included in each test panel.
To determine the cytotoxicity titers of the seven C. difficile clinical isolates, dialysis culture filtrate was assayed for cytotoxic activity against Chinese hamster ovary K-1 (CHO) cells that were grown in 96-well tissue culture trays. For the assay, 20-l aliquots were serially diluted using a new pipette tip for each transfer. The cytotoxic titer was expressed as the reciprocal of the highest dilution that caused rounding of Ͼ90% of the CHO cells at 24 h.
Culture of C. difficile strains. Culture for C. difficile from stool samples was performed by inoculating thioglycolate broth supplemented with cycloserine (500 g/ml) and cefoxitin (16 g/ml), incubating at 35°C for 24 h, and then subculturing the enrichment broth to blood agar containing vitamin K and hemin (BAK) plates which were then incubated anaerobically. Suspect nonhemolytic colonies from BAK were Gram stained and tested for fluorescence and by Microscreen latex agglutination (Microgen Bioproducts, Camberley, United Kingdom) for C. difficile antigen. Isolated C. difficile strains were stored at Ϫ70°C in skim milk. Culture of C. difficile for optimal toxin production was done by growing the strain overnight (18 h) in brain heart infusion broth. This culture was then used to inoculate brain heart infusion dialysis flasks as described by Sullivan et al. (33) . The flasks were incubated at 37°C for 72 h, and the supernatant fluid was collected by centrifugation (10,000 ϫ g for 15 minutes at 4°C). Supernatant fluids were filtered through 0.2-m-pore-size membranes, and the filter-sterilized supernatant fluid was stored at 4°C. Culture dialysis supernatants were prepared for all seven clinical isolates as well as a toxin A-negative, toxin B-positive strain designated 8864 and a toxin A-positive, toxin B-positive strain designated 10463 (strains 8864 and 10463 were part of the culture collection of D. Lyerly).
PCR analysis for C. difficile pathogenicity gene locus fragments. The PCRs for the CROP region of toxin A were performed by two separate laboratories (those of M. J. Alfa and D. Lyerly) to ensure reproducibility of findings. The PCR mix (50-l total reaction volume) for the A3 fragment described by Rupnik et al. (31) consisted of a 0.5 M concentration of the A3 primers (31), a 0.2 mM concentration of each dinucleoside triphosphate (including A, C, G, and T) (Life Technologies, Gaithersburg, Md.), 2.5 U of Taq polymerase (Life Technologies), 3 mM MgCl 2 (Life Technologies), and 5 l of C. difficile DNA extract. The C. difficile DNA extract was prepared by a Triton X-100 extraction protocol (A. Petrich, B. Page, K. Luinstra, S. Callery, D. Stevens, A. Gafni, D. Groves, M. Chernesky, and J. Mahony. 1998. Presented at the 66th meeting of the Canadian Association for Clinical Microbiology and Infectious Diseases). Briefly, this method consisted of lysing about half a loopful of bacterial colony by suspending the organism in 10 mM Trizma base-1 mM EDTA, 1% (wt/vol) Triton X-100 (pH 8.0) and heating for 20 min at 95°C, followed by vortex mixing for 10 min. The suspension was then chilled on ice for 1 min, and debris was removed by centrifugation at 14,000 rpm for 1 min in a Microfuge. The upper portion of the suspension was diluted 1:40, and 10 l of this dilution was used per 50 l of PCR mixture. The PCR was performed using a PTC-2000 thermal cycler (MJ Research, Watertown, Mass.), and the cycles were as described by Rupnik et al. (31) . The expected PCR product from this reaction is a 3.1-kb fragment (31) . The PCR product size was determined using 1% agarose gel electrophoresis and a 100-bp DNA ladder (GenSura Laboratories Inc., Del Mar, Calif.) as well as a 500-bp DNA ladder (Life Technologies). The amplified product from this PCR protocol was purified using the Wizard PCR Preps DNA purification system (Promega Corp., Madison, Wis.), and this purified preparation was used for DNA sequencing.
The second PCR assessment utilized 6 sets of primers that bound the regions shown in Table 2 . The expected PCR product size for each primer set tested is indicated. The DNA template was prepared by taking a single colony from a plate culture of the C. difficile strain and suspending this in 100 l of distilled deionized water using a wood applicator stick. After one cycle of freezing and thawing, the suspension was heated at 95°C for 5 min and then stored at Ϫ20°C prior to use. The PCR mix consisted of 10 l of this template DNA sample, 15 l of a solution of the two primers, and a Ready-To-Go PCR Bead (Pharmacia Inc.). After heating at 94°C for 1 min, 45 cycles of reaction (each cycle consisted of 30 s at 94°C, 1 min at a suitable annealing temperature, and 1 to 2.5 min at 72°C) were carried out. The PCR product size was determined using 1% agarose gel electrophoresis and a 100-bp DNA ladder (GenSura Laboratories Inc.) as well as a 500-bp DNA ladder (Life Technologies).
DNA sequencing. Purified amplicon was sequenced using the Prism 310 Genetic Analyzer (Applied Biosystems Inc., Foster City, Calif.). Sequencing was performed using the Big Dye Terminator Cycle Sequencing kit (Applied Biosystems Inc.) according to the manufacturer's recommended procedure.
Pulsed-field gel electrophoresis (PFGE). C. difficile was grown in 10 ml of prereduced brain heart Infusion broth for 5 h anaerobically at 35°C and centrifuged at 3,500 ϫ g, and the bacterial pellet was suspended in PIV buffer (10 mM Tris-HCl, 1 M NaCl, pH 8.0). The bacterial suspension was mixed 1:1 with molten low-melting-point agarose (final concentration, 0.8% [wt/vol] agarose) and used to prepare plugs. Lysis was achieved using lysis solution containing 0.5% (wt/vol) N-lauroyl-sarcosine (Sigma Chemical Co., St. Louis, Mo.), 0.5% (wt/vol) Brij 58 (Sigma), 2.5 g of mutanolysin (Sigma) per ml, 20 g of RNase (Sigma) per ml, 2 mg of lysozyme (Sigma) per ml, 1 M NaCl (Sigma), 100 mM EDTA (pH 9.0) (Sigma), 0.2% (wt/vol) sodium deoxycholate (Sigma), and 6 mM Tris-HCl (pH 8.0) (Sigma) at 35°C overnight. The plugs were washed for 30 min in TE buffer (10 mM Tris [Sigma], 0.1 mM EDTA [Sigma], pH 9.0). ESP buffer, containing 50 g of proteinase K per ml (Sigma) and 1% (wt/vol) N-lauroylsarcosine (Sigma), was added and then incubated at 50°C overnight. The plugs were then washed with TE buffer three times for 1 h each at 35°C. Digestion was done using 30 U of SmaI (Life Technologies Inc.) per plug at 30°C for 4 h. The DNA fragments were separated using a Mapper unit (Bio-Rad Laboratories, Hercules, Calif.). The run conditions consisted of a 22-h run time, 1-to 40-s switch times, and linear ramping at 6 V/cm in a 1% agarose gel using 0.5ϫ TBE buffer, consisting of 40 mM Tris, 25 mM EDTA (pH 8.0), and 40 mM boric acid (Sigma).
Tight-junction analysis using CaCo-2 polarized cell culture. CaCo-2 cells (cell line HTB-37; American Type Culture Collection, Manassas, Va.) were seeded into Transwell inserts (Corning Glassworks, Corning, N.Y.) at 5 ϫ 10 5 cells/insert and allowed to incubate until confluent as indicated by a high stable electrical resistance (Ͼ400 ⍀ ⅐ cm 2 ) as described by Eveillard et al. (11) . Filter-sterilized preparations of the dialysis culture fluid (described in "Culture of C. difficile strains" above) were inoculated onto the apical side of the confluent polarized CaCo-2 monolayer in the Transwell insert, and electrical resistance was tested hourly using a MILLICELL-ERS probe (Millipore, Bedford, Mass.). Each test assessment was performed using triplicate inserts, and for each insert resistance measurements were performed in triplicate (i.e., a total of nine readings per test). The resistance probe was rinsed with sterile distilled water, rinsed with 70% alcohol, and then equilibrated in sterile tissue culture medium between each reading on a different insert.
RESULTS
The outbreak of CAD due to the HSC98 strain was reported by Al-Barrak et al. (1) . This outbreak initially involved 16 patients on four medical wards of an 800-bed acute-care tertiary teaching hospital. The range of presenting symptoms for the 16 patients is shown in Table 1 . The two patients who were not treated for CAD had been screened because they were roommates of patients with CAD. One of these two untreated patients was asymptomatic, and the other had mild diarrhea that resolved without specific treatment. This center used an EIA that detected toxin A only as their routine diagnostic test. As shown in Fig. 1 , all 16 patients' stool specimens were consistently negative for C. difficile toxin using the toxin A EIA, indicating that this finding was not due to test sensitivity but rather was due to a lack of detectable toxin A target. Testing by cytotoxin assay and by an EIA that detected both toxins A and B revealed that these 16 patients had cytotoxin in their stool specimens, despite the negative result with the toxin A EIA.
To determine if this was a point source outbreak and if there were genetic defects in the infecting organism's ability to produce toxin A, stool samples from the 16 patients were cultured Fig. 2 demonstrates that all seven patients who had toxigenic C. difficile grown from their stool had strains with identical PFGE banding patterns. Patient 11 had two C. difficile strains that had different colony morphologies. One strain had a PFGE banding pattern that was identical to that of the other six patient strains, and the second C. difficile strain had three band differences compared to the outbreak pattern (Fig. 2, lanes 3 and 4) . The organisms were assessed using PCR to amplify various regions of the pathogenicity locus to determine if there were any genetic defects in the C. difficile isolates causing the outbreak. The initial PCR set utilized the primers described by Rupnik et al. (31) to assess the CROP region of toxin A. The expected amplicon size for this set of primers is 3.1 kb (31) . Figure 3 shows the 1,250-bp fragment (designated A3Ј) that was amplified when the A3C and A4N primers, bounding the CROP region of toxin A, were used on the HSC98 isolate. From this assessment there appeared to be a 1.8-kb deletion from the CROP region of toxin A. To determine the characteristics of the HSC98 A3Ј amplicon, the 1,250-bp amplicon was assessed for EcoRI and SpeI restriction sites. Rupnik et al. (32) have reported that those strains of C. difficile that have deletions in the portion of the toxin A gene that codes for the CROP region often lose one or both of these restriction sites from the A3 region. As shown in Fig. 3 , the A3Ј amplicon retains its SpeI restriction site but has lost the EcoRI site. The A3Ј amplicon was also sequenced. A BLAST search of GenBank indicated that this A3Ј sequence was a 98% match to the sequence for the tcdA gene CROP region (1,230 bp) from C. difficile strain 1470, submitted by M. Weidmann in 1997 (accession number Y12616).
To assess the level of toxin production and to determine if there was any detectable truncated toxin A produced by the HSC98 strain, culture supernates were tested by EIA for the presence of toxin A alone and toxins A and B together. The supernatant fluids from the seven isolates from this outbreak all had absorbances of Ͻ0.08 and Ͼ0.5 in the toxin A and toxin A-B EIAs, respectively (data not shown). The same supernatant fluids from these seven outbreak strains produced 10 4 to 10 5 CPE units/ml when tested on CHO cells. Although the EIA for toxin A was negative, it is possible that a truncated form of 
a PCG4 is the monoclonal antibody used in the EIAs that detected toxin A only. b Strain VPI 11186 is a nontoxigenic strain of C. difficile (i.e., it does not carry the gene for either toxin A or toxin B), and strain VPI 10463 is a C. difficile strain that produces both toxin A and toxin B. toxin A could be produced by the HSC98 strain. Such a truncated form of toxin A would not be detected in the available toxin A EIAs, as it lacks the CROP region that is the recognition site of the monoclonal antibody used in the commercial assays that is specific for toxin A. To further assess whether a functional truncated form of toxin A was produced, the culture supernatant fluid from HSC98 was tested for any ability to cause tight-junction alterations when tested against polarized CaCo-2 cells. Hecht et al. (16, 17) have shown that purified toxin A is able to perturb tight junctions of cultured human intestinal epithelial monolayers within a few hours, while purified toxin B takes 24 to 48 h to elicit resistance drops of a similar magnitude. The HSC98 strain was compared to the toxin A-positive, toxin B-positive strain 10463 and the toxin A-negative, toxin B-positive strain 8864. The data presented in Fig. 4 indicate that the HSC98 strain lacks biologically functional toxin A as evidenced by its lack of ability to perturb the tight junctions of polarized CaCo-2 monolayers within 10 h. Similarly to the HSC98 strain, the 8864 strain (also toxin A negative and toxin B positive) did not cause decreases in electrical resistance within 10 h of exposure.
To determine if there were other regions within the C. difficile pathogenicity locus that had gene deletions, a series of PCR amplification tests were performed to test the regions indicated in Table 2 . Table 2 demonstrates that within the regions tested there were no deletions large enough to be detected by such techniques other than the one in the CROP region of toxin A. Lack of binding of the monoclonal antibody PCG4, which is used in the diagnostic EIA that detects only toxin A (Fig. 1) , correlates with the genetic deletion in the HSC98 toxin A CROP region.
The CPE produced by HSC98 culture supernatant on HFF monolayers was distinctive in that it caused HFF cell rounding that did not have spindle formation (Fig. 5) . Culture supernatant from C. difficile strain 10463, which produced both toxins A and B, elicited rounding CPE with spindle formation (Fig.  5C ). Of interest, purified toxin B from a toxin B-positive, toxin A-positive strain of C. difficile produces CPE identical to that shown in Fig. 5C (results not shown) .
DISCUSSION
We have demonstrated that this outbreak was caused by a single strain of C. difficile, designated HSC98. The affected patients exhibited the full range of classical CAD symptoms, ranging from asymptomatic carriage to fulminant pseudomembranous colitis and death. The rate of recurrence of clinical symptoms posttreatment for CAD was 35.7% (5 of 14). Despite the apparent lack of functional toxin A (as assayed by immunological methods and by lack of tight-junction disruption), this HSC98 strain appears to be as virulent as other reported clinical strains of C. difficile which produce both toxin A and toxin B. Based on the toxinotype categorization scheme of Rupnik et al. (32) , HSC98 appears to be a toxinotype VIII strain. It has the same size of gene deletion in the CROP region of toxin A as described for C. difficile strain 1470. Furthermore, the sequences of the A3Ј amplicon from strain HSC98 and the A3Ј amplicon from strain 1470 were 98% identical, and the EcoRI and SpeI restriction digest patterns of these amplicons were identical. This evidence suggests that the HSC98 strain most likely has the same genetic alterations in its pathogenicity locus (based on the analysis to date) as C. difficile strain 1470.
This was unexpected, as strain 1470 was originally isolated from an asymptomatic infant in Belgium in 1981 (32) . Strain 1470 is a serotype F strain that does not produce detectable toxin A as assessed by immunological methods (32) , although Von Eichel-Streiber et al. (36) reported that strain 1470 does produce a variant form of toxin A. Toxinotype VIII was the most commonly reported alteration (25 strains found) within the 47 isolates with genetic defects of the 219 isolates that were studied by Rupnik et al. (32) . This is similar to the frequency   FIG. 2 . PFGE of C. difficile outbreak isolates. Isolates of C. difficile were detected in 7 of the 16 patients involved in the initial outbreak. PFGE was done using SmaI as the restriction enzyme by the method described in Materials and Methods. Lanes 1 and 12, lambda ladder size markers; lanes 2 to 8, isolates from patients 1, 11, 11, 2, 7, 6, and 9, respectively. The two isolates from patient 11 had different colony morphologies. Lanes 9 to 11, C. difficile isolates that were toxin A positive and toxin B positive that were not part of the outbreak.
FIG. 3.
Restriction endonuclease digestion patterns for the A3Ј amplicon of the CROP region of the toxin A gene for HSC98. The PCR amplicon product A3Ј (lane 2) obtained from HSC98 using the A3 primer set (product was 1,250 bp) was exposed to SpeI (lane 3) and EcoI (lane 4) restriction endonucleases to determine restriction fragment length patterns. The A3Ј amplicon (lane 2) had no restriction site for EcoRI (lane 4) and had one restriction site for SpeI (lane 3). A 500-bp DNA ladder is shown in lanes 1 and 6, and a 100-bp ladder is shown in lane 5.
of serogroup F strains (44 toxin A-negative, toxin B-positive isolates of 421 isolates tested) described by Kato et al. (19) . It has been suggested that the toxin A-negative, toxin B-positive strains of C. difficile may represent up to 10% of clinical isolates (38) . Recent studies by Von Eichel-Streiber et al. (36) have indicated that C. difficile strain 1470 was cytotoxic but did not induce the typical disease in the hamster model. According to this group, both toxin A and toxin B from strain 1470 could be isolated from culture supernatant. Furthermore, they demonstrated that the CPE caused by 1470 was more like that of the heat-labile toxin of Clostridium sordellii (i.e., rounding with no cytoplasmatic extensions) than that of toxin B of C. difficile (36) . Based on the data they presented, they hypothesized that 1470 may have resulted from a recombinational exchange between toxB of C. difficile and the gene for heat-labile toxin of C. sordellii. Our data suggest that if HSC98 produced toxin A, it does not have the typical biological function of unmodified toxin A. Similar to the data presented by Von Eichel-Streiber et al. (36) , the HSC98 strain produces CPE on HFF cells that was distinct from that produced by regular toxin A-and toxin B-producing strains (Fig. 5) in that the affected HFF cells round up and do not have any spindle formation. Our data indicated that this type of CPE (rounding with no spindle formation) was also apparent for strain 8864 (toxin A negative and toxin B positive) but was not apparent for highly purified toxin B from a regular toxigenic (toxin A-positive, toxin Bpositive) strain of C. difficile. Why a C. difficile strain with a deletion in the toxin A gene should elicit a CPE different from that of a strain with an intact toxin A gene is not readily explainable. Toxin B is the most potent cytotoxin produced, and its activity would not be expected to be altered by the presence or absence of functional toxin A. (26) found that the toxin B produced by 8864 has cytopathic characteristics that were very similar to those of C. sordellii lethal toxin. Although Von Eichel-Streiber et al. (36) have reported that strain 1470 does produce a form of toxin A, neither strain 8864 (26, 34) nor our strain HSC98 appears to produce a detectable form of functional toxin A. The tightjunction assay results cannot rule out the possibility that a truncated version of Toxin A is produced that is nonfunctional due to lack of the binding region. However, these data do suggest that whatever role that bound or internalized toxin A normally plays in pathogenesis will not be manifested in those strains having this CROP region defect. Despite the lack of functional toxin A, HSC98 produced the full spectrum of CAD in humans, and C. difficile strain 8864 was able to cause disease in antibiotic-treated hamsters and was lethal on injection into mice. The characterization of strain 8864 by Borriello et al. (5) indicated that crude culture filtrate from 8864 could cause enterocyotoxicity in rabbit intestinal loops, whereas purified Toxin B from 8864 did not. Those authors suggested that strain 8864 produced a non-toxin A enterotoxic factor. These data raise questions about the current thoughts regarding pathogenesis of this toxigenic organism. Previous data suggested that toxins A and B likely functioned in a synergistic fashion to produce disease in humans (25) , indeed, animal studies have demonstrated that neutralization of both toxins was required to prevent disease and relapse of disease (21) . It has now been demonstrated, however, that a clinical isolate that does not have the tight-junction-altering capacity normally associated Culture supernatant from the dialysis culture method described in Materials and Methods was filter sterilized for C. difficile strains HSC98 and 10463. HSC98 supernatant was inoculated in the absence (A) or presence (B) of C. sordellii antitoxin, and similarly, strain 10463 was inoculated in the absence (C) or presence (D) of C. difficile antitoxin. CPE was produced by both HSC98 and 10463, which was neutralized by C. difficile antitoxin (B and D) ; however, the CPE produced by HSC98 showed rounding with no spindle formation, whereas strain 10463 produced rounded cells that had spindles (arrows).
with biologically active toxin A is capable of producing disease in humans. The similarity of the CPE produced by HSC98, 8864, 1470, and C. sordellii raises questions about whether there may be another factor produced by these strains that may act to modulate the CPE produced by toxin B, thereby resulting in no spindle formation, or whether the toxin B in these strains is actually C. sordellii lethal toxin (TcsL). This differentiation may be difficult, since the sizes of TcsL and C. difficile toxin B (TcdB) are the same (270 kDa) and the genes have a high degree of sequence homology (37) .
A recent point prevalence survey (data to be published elsewhere) indicated that this strain is still prevalent in the hospital where the outbreak occurred. In the past it was thought that all clinically relevant strains of C. difficile which were toxigenic produced both toxin A and toxin B, and therefore, diagnostic tests detecting either toxin were acceptable. Prevalence testing for toxin A-negative, toxin B-positive strains suggested that routine diagnostic testing for such strains was not of concern in the Buffalo, N.Y., region, as none were found in the 300 patients screened (3). Indeed, some reports suggested that detection of toxin A was more important than detection of toxin B, as toxin A was felt to be most important in eliciting disease in humans (4) . A recent survey in Canada indicated that EIAs were commonly used (38.4%) for diagnostic testing (2) and that over half of these sites were using EIAs that detected toxin A only. Unlike the data reported in 1991 by Altaie et al. (3) , recent reports suggest that such toxin A-negative, toxin Bpositive strains may represent 10% of all C. difficile toxigenic strains (38) . The value of diagnostic tests that detect both toxins has also been reported by McGowan and Kader (27) , who reported that testing for only toxin A or only toxin B in children would have resulted in detection of C. difficile in only 50 and 82% of the time, respectively. They recommended using a test that detected both toxin A and toxin B to provide the optimal diagnostic yield. Al-Barrak et al. (1) suggested that when patients experience symptoms compatible with CAD but toxin A is negative, consideration should be given to an assay capable of detecting toxin B. Given that the incidence of CAD is on the rise (30) and that there is an apparent link between increased risk of death and CAD (14, 39) , there is a need to ensure rapid and accurate testing to facilitate the diagnosis of CAD.
In conclusion, this report highlights two important findings: (i) either tight-junction modification due to toxin A is apparently not absolutely critical or there is another, as-yet-undescribed cofactor responsible for the pathogenesis of CAD caused by toxigenic C. difficile in humans and (ii) optimal diagnostic test methods should detect at least toxin B and preferably should detect both toxins A and B.
